uronate accumulation in a time, dose-dependent, and stereo-specific manner. The rate of glycosaminoglycan degradation was unaffected, and thus, the steroid inhibited the rate of macromolecular synthesis. This effect was likely mediated through glucocorticoid receptors. Hyaluronate synthesis in skin fibroblasts appears to be regulated by both glucocorticoids and T3 through different pathways.
Introduction
Glycosaminoglycans (GAG) ' are complex sugars that comprise dermal ground substance (1) . While the mechanisms involved in the synthesis and the biological role of GAG remain controversial, some human diseases are associated with an abnormal accumulation of these substances: Marfan's syndrome (2) , Graves' disease (3) , and hypothyroidism (4).
Human skin fibroblasts are easily obtained, can be propagated in tissue culture, and synthesize large amounts of GAG, of which hyaluronate (HA) predominates (5) . Abnormal GAG accumulation has been reported in fibroblast cultures from patients with osteogenesis imperfecta (6), Marfan's syndrome (7) , and rheumatoid arthritis (8) . My colleagues and I demonstrated recently that 3,3',5 triiodothyronine (T3), the biologically active thyroid hormone, could inhibit accumulation of HA in skin fibroblast cultures incubated in medium supplemented with thyroid hormone-depleted serum (9) . This inhibition was both time-and dose-dependent, saturable at a physiologic concentration of T3, and was a consequence of a decreased rate of synthesis rather than an increased rate of GAG degradation (10) . The skin fibroblast culture depleted of thyroid hormone may thus be an in vitro model of human myxedema.
1. Abbreviations used in this paper: Dex, dexamethasone (1,4 pregnadien-9-fluoro-16a-methyl-I I fl, 1 7a,2 I -triol-3,20-dione); DOC, 1 1-deoxycorticosterone (2 1-hydroxy-4-pregnene-3,20-dione); GAG, glycosaminoglycan; HA, hyaluronic acid; 1 I a-hydrocortisone, epicortisol (I1 a, 17,2 1-trihydroxy-4-pregnene-3,20-dione); T3, 3,3',5-L-triiodothyronine; T4, thyroxine, 3,3',5,5'-L-tetraiodothyronine; Tx-Bs, serum from thyroid-Glucocorticoids, like thyroid hormone, are capable of influencing human skin fibroblasts in vitro by altering cellular proliferation (11) , collagen biosynthesis (12) , and regulating specific protein synthesis (13) . While the observation that glucocorticoids can inhibit GAG accumulation has been made previously (14, 15) , little is known about the nature of this inhibition or whether GAG synthesis or degradation is altered.
The current report describes results of studies designed to determine the kinetics, specificity, and mechanism involved in the inhibition of HA accumulation by dexamethasone (Dex), a potent synthetic glucocorticoid, and to compare this inhibition with that of T3. Such information may be useful in understanding hormonal regulation of complex sugar synthesis in human skin fibroblasts. were quantitatively collected and cell layers washed with phosphatebuffered saline. Cell layers were then solubilized in 0.1 N NaOH and scraped off the substratum with a rubber policeman. Following the collection of an aliquot for protein determination by the method of Lowry et al. (16) , the cell layers, media, and wash were recombined and digested with pronase (1 mg/ml) in a 100-mM Tris buffer, pH 8.0, at 50°C overnight in the presence of hyaluronate and chondroitin sulfate (250 ;sg each), which were added as carriers. After cooling on ice, samples were precipitated with trichloroacetic acid (TCA) (5% wt/ vol final concentration) for 30 min and were then centrifuged at 10,000 g. The supernatant was dialyzed extensively against water to remove free label and an aliquot was counted by liquid scintillation spectrometry and defined as total GAG. In some experiments, postdialysis samples were lyophilized to dryness and subjected to streptomyces hyaluronidase digestion as previously described (9) (Fig. 2 B) . When both hormones were added at these respective concentrations, the Dex effect on [3H]GAG accumulation was attenuated by 57% (P < 0.005) (Fig. 2 B) . Fig. 3 
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To assess whether the observed inhibition by Dex of
[3H]GAG and [3HJHA accumulation was a consequence of an altered rate of degradation, cultures were preincubated without or with the hormone (100 nM) and then pulse-labeled (10 h) followed by a chase incubation for various intervals in media containing unlabeled sodium acetate (1 mM). The results shown in Table I the chase incubation (data not shown), which is consistent with the previously reported absence of hyaluronidase in human skin fibroblasts (19) . These data suggest that Dex inhibition is the consequence of an attenuated rate of synthesis paralleling those observations made previously of T3 effects on GAG accumulation (10) .
To compare the effect of Dex on [3HJHA with that reported previously of T3, confluent cultures were shifted to medium enriched with 10% Tx-Bs to which various concentrations of either Dex or T3 were added. Both hormones inhibited
[3H]GAG accumulation in a dose-dependent saturable manner (Fig. 4) . Dex inhibition was maximal at 10 nM, whereas that of T3 saturated at 1 nM (Fig. 4) (20) , glucocor- ticoids (21), and 1,25-dihydroxycholecalciferol (22) have been demonstrated. In addition, fibroblasts possess high affinity receptors for nonsteroidal hormones such as T3 (23, 24) , insulin (25) , and growth hormone (26) , and are known to be responsive to a variety of hormones (27, 28) and growth factors (29) . Defects in in vitro binding and/or action in skin fibroblasts from patients with hormone resistance have been shown to reflect the clinical derangements found in vivo. These include resistance to thyroid hormone (23, 30, 31) , glucocorticoids (32) , androgens (20) , and vitamin D (22) . Various steroid hormones can influence GAG metabolism. Testosterone stimulates the accumulation of GAG in chick combs while hyaluronate content in surgically castrated cockerel combs falls after the discontinuation of hormone replacement (33) . Similarly, estrogen enhanced the HA content in mouse skin (34). These effects could be blocked by antiestrogens such as tamoxifen and clomiphene (34) . Earlier studies have demonstrated glucocorticoid inhibition of HA accumulation in various human synovial and skin fibroblasts (14, 15 (37) . In addition, the Dex concentrations required to elicit maximal inhibition in these studies is well within the range shown to inhibit endogenous glucocorticoid production in vivo (38) .
Glucocorticoids and T3 are known to coregulate a number of metabolic processes. For instance, both hormones stimulate the synthesis of growth hormone messenger RNA (mRNA) in vitro (37) and apparently facilitate the effects of each other (39, 40) . Both glucocorticoids and insulin influence T3-mediated augmentation of malic enzyme and a-glycerophosphate dehydrogenase in rat hepatocytes (41) . T3 and glucocorticoids in concert with testosterone and growth hormone are necessary to maintain cytosolic a2u globulin mRNA in the male rat liver (42) . It 
